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INH.UENCE OF TFE NUMBER OF VEHiCIES IN IHE 
EMERGENCE OF SOUND EVENTS ON THE ANNOYANCE EXPRESSED 

M. Vallet 

Research Institute of Transport; Evaluation and 
Research Center of Annoyances and Energy 


SYNTHESIS /2« 

I. Purpose 

The goal pursued by this research was to study the development of the 
psychological annoyance as a function of the global noise and of the 
various frequencies of passages of heavy vehicles (H.V. ) emerging from 
continuous traffic noise. 

In fact, if a great number of studies have shown that the Leq was the 
most predictive acoustical Index to give an account of the annoyance 
expressed by those populations subjected to traffic noise, one can only 
conclude that for certain particular situations It seems that this Index 
lacked precision. 

In order to verify this point and possibly liiprove the predictive 
value of the Leq by the addition of an Index which takes Into account the 
number of vehicles, this research has been undertaken. 

II. Experimental Procedure 


77 Subjects were tested In a laboratory in 10 traffic noise 
situations of 30 min, composed of linking 3 acoustical Leq levels with 4 
frequency levels of H.V. passages (Table I). Thus, each situation was 
composed of background traffic noise from which the noises of H.V. passage 
emerged. 

After listening in each situation, the subjects Indicated the /^3 
annoyance and noise level on a nine point scale; moreover, notice was 
also taken of the Imagined annoyance and of the annoyance specifically 
due to noise from passage of H.V. or to background noise. 


Numbers In the margin indicate pagination In the foreign text. 
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TABLE I. EXPERirENTAL PLAN: NUMBER OP H.V. 

X lEQ; ERE BARRED BASES HAVE NOT BEEN TESTED; 
THE LEQ OP ONE H.V. V/AS 36DB(A) (30 fCN). 



III. Results 


Among the numerous results which we have analyzed we conclude that: 


- the annoyance expressed Is Influenced In a statistically significant 
way both by the Leq level as well as by the frequency of passage of H.V. , 
but there is no interaction between these 2 variables, 

- more precisely (Pig. 1), 

. the expressed annoyance Increases strongly from 3 to 5 H.V. , and 
then more weakly from 5 to 30 H.V. , for the Leqs of 50 and 55 dB(A), 


. the expressed annoyance Increases strongly from 3 to 5 H.V. and 
then becomes saturated from 5 to 30 H.V. , for an Leq of 60 dB(A). 


Plgure 1 . Development 
of the psychological 
annoyance as a function 
of the Leq and of the 
number of H.V. 



Key: (1) Annoyance notation; (2) Number of H.V./30 mn 
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- the predictive value of Leq on the level of expressed annoyance can /H 
be Irrproved clearly by using a coirposite index of the type: 

G (notice of annoyance) = 0.12 Leq + 0.75 Log n H.V. - 2.82 

(average annoyance correlation - with Leq, r = 0.84, - with Log n H.V. 
r = 0.58, - with conposlte index, r = 0.97); moreover, other conposlte 
Indexes of the type (LI + EI^R + cte) or (LI + LIO + cte) appeared also 
among the better predictors of the individual annoyance or of the average 
annoyance . 

The curve of development of the annoyance as a function of the number 
of H.V. conpares with the logarithmic relation found by Rasmussen, but does 
not confirm the Inverse U relation proposed by Ry lander. These 2 earlier 
studies had serious deficiencies, and all the Interest of our study consists 
of having isolated an expeilmental area v/here the variations in Leq level 
and the frequency of H.V. are independent of each other, and of showing in 
these conditions that Leq and the number of H.V. each have effects on the 
psychological annoyance. As we have seen the Leq levels were between 50 and 
60 dB(A) and we can consider that the results which we have obtained are 
applicable to local roads. 

IV. Prospects for Further Research 


In order to draw more general conclusions from the actual results it 
appears to be necessary to extend our study to noise levels higher than 
Leq 65, 70 and 75 dB(A). 

This study opens the door to a series of researches on the conposlte 
Indexes which in certain particular situations of traffic noise could be 
more predictive of the expressed annoyance than the Leo index alone. 
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I. Purpose of the Research 


/5 


The purpose of our research is the study of the psychological 
annoyance (also called expressed annoyance) as a function of the nuiriber of 
Heavy Vehicles ; it is part of a research program which has as its goal the 
acoustical analysis of events determining the annoyance in a state of 
alertness and v;hich specifies a study of annoyance provoked by road 
vehicles as a function of their number and their emergence. It should be 
underlined that until nov; researchers have especially studied the 
relationship betv;een levels of annoyance and levels of noise measured by 
various acoustical Indexes such as Leq, LIO, LNP, LDN,... Moreover, the 
majority of the member countries of the OCDE have chosen to use the index 
Leq (equivalent acoustical level). 

Yet, in spite of the great predictive value of the Leq, some researches 
(cf. bibliographical reviev;, Lablale [1]) have shown that this index 
somewhat lacked precision in giving an account of the expressed annoyance at 
certain sites exposed to traffic noise. Because of this, in order to try 
to inprove the predictive precision of the Leq, we have prepared the present 
study: through situations controlled in the laboratory it develops and tests 
the hypothesis of the Influence of the number of H.V. (those vehicles vjhich 
produce a considerable expressed annoyance) as a possible prediction of the 
annoyance either conplementlng or combining with the Leq level. 

II . Bibliographical Survey and Concern of the Study /6 

A certain number of studies by research as well as in the laboratory 
have shown the Importance of a nonacoustlcal parameter: the number of 
vehicles or the percentage of the number of Heavy Vehicles or the Log of 
the number of Eeavj Vehicles in traffic as the indicator of the annoyance. 

We will examine the results obtained concerning traffic: 

A) Research 

One of the m.cst exhaustive studies is that of Langdon (2) in England. 

He has done a study of 2,933 residents located at 53 different sites in 
London and its surrounding areas. The noise level, the type of flowing or 
obstructed traffic, the number of H.V/. and H.V. have been determined. 


Concerning the research there were several questions and a scale of 
psychological annoyance of 7 points. Langdon analyzes the results as a 
function of 2 types of traffic. 

- free flowing traffic , with a flow of 250 to 5,000 vehicles/hour and a 
noise level of LIO” vapj'ing between 69 and 80 dB(A). He establishes a 
strong correlation between the annoyance and 2 acoustical Indexes, the LIO 
(24, 18 or 12 hours), (i> = 0.84) and the Leq (24 hours), (r = 0.84), but 


^•‘LIO = sound level reaci-jed or surpassed during 10^ of the period of 
measurement . 
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also between the logarithm of the number of vehiclesAiour, (r = 0.80). 

- non-free flovjlnm traffic (by traffic jams, pedestrian crossings, fires 
etc.); in this situation annoyance due to noise is not evaluated correctly 
by the LIO or Leo indexes. On the contrary, the Log of the percentage of 
heavy vehicles (including trucks, buses, but also all vehicles with a 
diesel engine) bet'ween 8 a. mi. and 8 p.m. represents the most valid index 
(r = 0.74). 

It should be enphasized that for free flowing traffic the Log of the 
number of vehicles is most closely related to the annoyance, while for non- 
free flowing traffic it is the Log of the percentage of heavy vehicles 
(Table I) . 

TABLE I. CORRELATION OP VARIED TRAFFIC CONDITIONS VJITH FOUR /J 
MEASURES OF THE COMPOSITION OP THESE TRAFFIC CONDITIONS. 


Frcf-fiow Non-frcc flow All IrafTic 


Traflic variable 

Group 

Individual 

Croup 

Individual 

Group 

I.^dividual 

No. heavy vehielcs 

/iTw?) 

0 201 

0 514 

0203 

0-57S 

01 97 

log (So. heavy vehicles) 


0 205 

0573 

0-22S 

0 613 

0-214 

't; Heavy vehicles 

0535 

0 158 

•O -V- ■ 

02SI 

0'6-*6 

0233 

log (*i heavy vehicles) 

0-.M5 

01 56 


029S 

(f^ 

0-293 

n 

24 

1359 

29 

1574 

53 

2933 


Fig. 1. Average notation 
of dissatisfaction for 
three sub-populations. 


1 — o sensitive; 2 — s, neutral; 3 — * nonsensitive to noise 

The fact of v/hether the subjects are sensitive to noise in dally life can 
modlfV the strength of interrelation between the annoyance and the number 
of vehicles and therefore it seems Important to distinguish these 3 groups 
(Fig. 1). 

In a comparable study, conducted at various sites in Antwerp and Brussels, 
L^yncke and Cops (3) arrive at the conclusion that the number of vehicles 
gives an Indication of the foreseeable dally annoyance (activity disturbance 
scale) as good as the Leq, LIO and L50 (r = 0.83). 
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The study of Yeowart et al. (4) is also very interesting because it /8 
researches the relationships of various acoustical Indexes with the 
expressed annoyance (measured by a 7 point scale) in different traffic 
conditions in the area of Manchester (27 locations with 30 people). 

Concerning the annoyance during the day it appears at first si^t that no 
acoustical index (Leq, TNI, LNP, LIO, L50, L90) is sufficiently general to 
predict the response of annoyance for broad traffic conditions; for Instance 
for Leq (24 hours), r = 0.56 for freeways, and r = 0.92 for free flowing 
traffic. The influence of the number of vehicles, unfortunately, is not 
determined for the annoyance during the day. 

For the annoyance expressed at ni^t there is practically no significant 
correlation with the acoustical Indexes; the authors propose a new conposite 
index which takes into consideration the acoustical level and the number of 
heavy vehicles (>1525 kgs): this is the Extended Noise Index (E x LIO) 
calculated by the formula: E x LIO = LIO (l8 h) + 0.13 (number of H.V. between 
midnight and 6 a.m. ). The correlations of the annoyance with this index 
E X LIO are relatively homogeneous, being r = 0.88 for freeway, r = 0.90 for 
free flowing traffic, r = 0.75 for obstructed traffic. 

Finally, there appeared a clear correlation (r = 0.73) between the 
percental of subjects who declared that nl^t rest was disturbed by the noise 
and the average number of H.V./h between midnight and 6 a.m. The authors 
conclude that the number of H.V. at night is an lirportant parameter to predict 
the annoyance and they foresee other studies. 

In Australia, Brown (5) has done research on 8l8 residents at 19 
locations in the cities of Brisbane, Sydney and Melbourne. Traffic, according 
to the locations, was 4,000 to 5,700 vehlcles/day with 1 to 12 percent H.V. 
and the exterior LIO index varied from 62 to 76 dB(A). In these conditions, 
the nutdDer of H.V. is the parameter which is most closely linked to. the 
expressed annoyance (measured by a global scale with 7 points or by a 
conposite scale defined as the sum of the standardized scores of the 
notation of each variable studied: Interference with conversation, sleep 
disturbance , closing of windows etc . ) . 

We note that the correlations are stronger with the conposite scale /9 
of annoyance than with the global scale . . , which seems to indicate a better 
precision of the conposite scale (Table II). 

Brown notes that, as the distribution of the number of H.V. is not 
uniform, this increases the corresponding correlation artificially; 
therefore, he selects the Log of the number of H.V. (Log n H.V.) as a 
better predictor of the annoyance as it thus shows a uniform distribution. 

Contrary to other studies, tests of Indexes which combined Log 
(n H.V.) + 1 acoustical index (LIO or Leq or LNP, etc...) do not allow 
predicting the e.xpressed annoyance in a satisfactory manner. Brown 
enphaslzes that the negative result seems to be explained by the sanples 
chosen where there appears to be a high correlation between acoustical 
Indexes and measures of traffic density. 


6 



TABLE II . CORRELATIONS OF THE ALJNOYANCE WITH THE NUMBER OF 
VEHICLES AND WITH THE ACOUSTICAL INDEXES. 


Number of vehicles 
and acoustical 'indexes 

Global' scale, 7 points 

Composite ■ scale 

1 

Q/24h 

r •* 0.50 

r “ 0.63 

Log Q/24h 

r - 0.41 

r = 0.56 

7 . P,L/24h 

r “ 0.66 

r « 0.70 

i n P.U'24h 

r - 0.72 

r •= 0,79 

Lop (n.P.L.) 

r ■= 0.52 

r “ 0.66 1 

Leq (24h) 

r » 0.25 N.S. 

r ■= 0.41 

LIO (24h) 

•r “ 0.33 K.S. 

r » 0.43 


Finally, the author proposes a hypothesis v/hich takes into account 2 
traffic situations: 

- intense traffic with background noise conposed of mixed car noise 
over which emerge sound peaks of certain noisy vehicles such as those of 

H.V. 


- ll^t traffic where the sound of each car is individualized and /lO 
constitutes peaks relating to surrounding noise. 

In the 2 cases, the number of noisy vehicles (motorcycles, H.V. , cars, 

. . . ) where the number of noise peaks allowed a better prediction of 
annoyance than the number of vehicles or of H.V. (Fig. 2) [sic]. 



TIME 


TIME 



(a) 


(b) 


Fig. 2. Occurrence of level peaks according to 2 situations of (a) heavy 
or (b) reduced traffic. 
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Suede, Ry lander et al (6) In the cities of Stockholm and Vlsby (city 
centers and suburbs) have studied the influence of the density of traffic 
and the noise level on the expressed annoyance. Research was done on 11 
groups of 85 subjects (between the ages of 18 and 75). The percentage of 
people who termed themselves "very annoyed" by the noise has been retained 
as the measure of annoyance. 

The results were as follows: 

- whatever the noise level, there is a clear correlation between the 
annoyance and the total number of vehicles (r = O.7O) as v;ell as between 
the annoyance and the Log of the number of H.V. (r = 0.75). The strength 
of these interrelations is comparable to those obtained between the 
annoyance and the Leq and LI indexes (respectively r = O.78 and r = O.69). 

- for a peak level of 80 dB(A) for the H.V. and 70 dB(A) for road vehlcles/11 
the correlation between the annoyance and the total number of vehicles 

(r = 0.82) and between the annoyance and the number of H.V./24 h (r = O.98) is 
even more important. 

- yet this saturation phenomenon did not appear when the noise ejposure 
level is calculated by an index composed as follows: A = LI + 10 log n H.V. 

In a situation of more limited urban traffic, R/lander (7) studied the 
annoyance provoked by the noise of streetcars and trucks in 6 locations 
(80 subjects/slte, ages I8 to 75). The study was done using masked 
questionnaires which researched annoyance due to the environmient and to 
vehicle noises. The questions in particular pertained to the interference 
of noise related to various specific activities: conversation, TV-watchlng, 
sleep...; there was also a 3-polnt global scale of annoyance. The level of 
traffic varied, for the number of H.V. (trucks and buses) from 50 to 700/24 h, 
for the number of cars from 65 to 13,500/24 h, for the number of streetcars 
from 210 to 832/24 h; the global Leq level varied from 53 to 70 dB(A); the 
peak noise level was 80 dB(A) for streetcars and from 76 to 83 dB(A) 
for trucks . 

The results show that there is no relationship between the Leq level 
of streetcars and the percentage of very annoyed people while there does 
exist a slight relationship with the Leq level for motor vehicles. 

On the contrary, we note a fairly clear relationship between the 
number of H.V. or the number of streetcars and the percentage of very annoyed 
people (Fig. 3). 

The author emphasizes that the capability of people to distinguish /12 
between the various traffic noises and those of streetcars in relation to 
annoyance leads him to reject the possibility of using a common acoustical 
index. 

On the other hand, he thinks that for one given location we can have a 
more considerable level of annoyance for streetcars than for H.V., but that 
for another location this can be the opposite. These facts lead to having to 
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be careful in drawing conclusions and they show that a nuinber of variables 
are still not controlled. 


Pig. 3. Relationship of 
the annoyance with nunber 
of streetcars ( a . A ) and 
with the nuntoer of H.V. 

(o, •). 

The research done by Roumegoux and Valet (8) on the expressed annoyance 
due to city buses In 4 cities in France Is more conclusive. First of all 
It appears that bus noise Is recognized as such in the traffic flow. 

Moreover, If bus noise Is well tolerated In the street, It is considered 
ve2ry annoying at home. The results (Fig. 4) show that the annoyance increases 
with the number of buses/h (r = 0.88) or, even more, with the percentage of 
buses in the traffic (r = 0.98). 



Number of fromwoy»/rieovy vert<>es. 6D*2 cSCA) 



Fig. 4. Relationship between the annoyance caused by bus noise and 
the specific parameters q and p. 


a. Relationship between annoyance b. Relationship between annoyance 

at hons and output q of the bus at home and percentage p of buses 

in the street. in the traffic. 

B) Laboratory Studies 

Besides these tests in the field, laboratory studies in e)q3erimentally 
controlled situations have tried to conpare the predictive value on the /13 
annoyance of acoustical Indexes and of the traffic output. 
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Rylander et al. (9) have had passage noises listened to in the laboratory 
of heavy trucks rrixed with a background noise of other road vehicles (emergence 
of 10 dB(A) of truck noise/background noise, as in usual traffic conditions). 

The experimental plan carried out on 150 students (between the ages of 
19 and 35) consisted of 2 principal situations: 

- an acoustical situation v;here the Leq could take on 3 values (57*5; 

62.5 and 67.5 dB(A), v;lth a constant number of vehicles (N = 20, with a peak 
at 70 dB(A)). 

- an acoustical situation with a constant Leg (60 dB(A)) but with a 
number of passages ’which could vary from 1 to 70/45 min (duration of one 
presentation) . 

The results clearly indicate that v/lth a constant number of H.V. , there 
exists a good relationship between the Leq level and the expressed annoyance 
(measured by a 4 point scale); with a constant Leq level, there exists a 
curvilinear relationship between the number of H.V. and the annoyance; to 
be more exact, the percentage of annoyed people increases from 1 to 12 H.V./ 
45niln, then decreases to 70 H.V./45 min (Fig. 5a). 

Rylaiider insists on the fact that, since the number of H.V. is no 
longer constant, the interrelationship annoyance-Leq level deteriorates, 
which limits the ’/alidlty of usage of the Leq. 

In an experiment making use of weak noises to simulate traffic noises, 
Rasmussen (10) set himself the task of defining the influence of the traffic 
density as well as that of some acoustical indexes on the expressed 
annoyance. The Leq level varied from 40 to 70 dB(A) with peak levels of 
80 dB(A) for the trucks and 65 dB(A) for the vehicles, thder these 
conditions with a constant background noise of 40 dB(A) the number of 
passages of H.V. and V.L. varied at 1, 3, 10, 30, 60 passages/30 min. Ten 
students did the experiment and a relatively linear relationship was brought 
out between an annoyance scale with 7 points and the log of the number of 
passages of vehicles (Fig. 5b). /l4 

Thus, we think that there are clear differences between the Rylander- /15 
and Rasm.ussen results; while FJasmussen finds a linear relationship between 
the number of H.V. (1 to 60 H.V./30 min) and the annoyance, Rylander poses 
an inverted U relationship (the expressed annoyance increasing from 1 to 4 
H.V./45 rmrij then diminishing from 4 H.V. to 70 H.V./45 min). 

In order to try to understand these discrepancies, it appears to be 
necessary to resume another laboratory study, the object of the present work, 
on the relationship expressed annoyance-number of H.V. , for several classes 
of an Leq level vjhJLch is held constant. 
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Fig. 5a and 5t>. Relationship between the expressed annoyance and the number 
of passages of H.V. accordingly to Rylander (a) and Rasmussen (b). 


(a) Inlander Experiment 

- constant global Leq = 60 dB(A) 

- variable background noise Leq = 6&> 
57.8 dB( A) 

- H.V. peak noise = 70 dB(A) 

- H.V. passage duration = not specified 

- H.V. noise slope = not specified 

- interval between H.V. = not specified 

- window attenuation of 5 dB(A) per 
octave 

- scale of psychological annoyance, H 
points 

- the percentage of annoyed people Is 
taken Into account on the ordinate 


(b) Rasmussen Experiment 

- variable global Leq = ^0->70 dB(A) 

- constant background noise Lea = 

40 dB(A) 

- H.V. peak noise = 80 dB(A) 

-passage duration = 20s 

- H.V. noise slope =4.3 dB(A)/s 

- Interval between H.V. = equidistant 

- no window attenuation 

- scale of psychological annoyance, 

2 points, later reduced to 7 points 

- the average annoyance notation is 
taken into account on the ordinate 

- ^ trucks, * 'vehicles, trucks with 
a light noise level; “ mixed traffic 


III . Experimental Methodology /l6 

A) Subjects Tested 

77 Subjects (40 males and 37 females between the ages of 19 and 50, 
residing in I^on and surrounding area) were tested in this experiment; they 
were remunerated for their participation. 


B) Road Traffic Noise 


The road traffic noise used In this experlm.ent consists of a background 
noise and noises coming from H.V. recorded on 2 separate magnetic tape tracks. 

1 . The background noise was recorded In 2 stages : 

- one stage with "on site" recording with a microphone placed at 
approximately 100 m distance and at 30 m. height from an Intersection of 6 
roads issuing a constant traffic noise (B. and K. microphone, 1/2", Nagra 
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SIVJ magnetophone, microphone attenuation 80 lln dB), 

- one stage in the laboratory: two mixed versions of the same "on site" 
recording, displaced by 1 min in time, were recorded sim^ultaneously on track 
2 of a magnetic tapej this mathod made it possible to obtain a continuous 
background noise (extreme level variations: +2 dB(A)). 

2* Truck passage noises were recorded at 25 m. from a road v;lth light 
traffic; two types of truck noises were isolated on the tape -and recorded on 
separate tapes (truck noises; Leq (30 min) of H6 and 45 dB(A), peak level: 

69 dB(A), duration 1?.7 and 19.6s). 

3- Recordin g and reading of magnetic tapes : four magnetic tapes were recorded 
consisting of the background noise on track 2 and the 4 passage frequencies 
on track 1, different for each tape (3, 5, 15 and 30 H.V. per 30 min: the H.V. 
passages are equidistant in time with + 20/^ variation) . 

Fig. 6 shows the acoustical signatures of the H.V. noises and the /17 
background noise for 2 acoustical situations. ~ 
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Fig. 6, (a) Standard signal; (b, c) Acoustical signature of 2 H.V. 

emerging from 2 different background levels. 







Reading of the magnetic tapes Is done using a tvro-track Nagra SIVJ /l8 
magnetophone, which permits regulating the sound level of each of the 2 types 
of noise (particularly the background noise level) . At the output of the 
Nagra, an analysis was done of the frequency spectrum of the background noise 
and the H.V. noise (fig. 7 and 8). 

The background noise and the H.V. noise were mixed at the input by a 
series of filters regulated to attain the sound level (Kemo System 737) of 
10 dB by octave thirds (approximately corresponding to an attenuation of a 
half-open window), and the resulting signal was ajTpllfled by an attenuated two-- 
track anplifler (Sony 114 0) and transmitted on 2 acoustical rings (JBL model 
4311) . 

C) Laboratory Description 

1. The listening room : the subjects are placed in a large room (4 x 6m) 
furnished as a waiting room, where the traffic noise is diffused thanks to 2 
acoustical rings. 

The principal characteristics of this listening room consist of: 

- insulation with the exterior of 60 dB(A) 

- Insulation with the control room of 50 dB 

- reverberation time is 0.63 on all audible frequencies 

- background noise of 33 dB(A) due to the air conditioner 

- constant tenperature of 19 + 1°C. 

2. The control rooms next to the listening room, it contains the following 
devices: the Nagra SIVJ magnetophone, the electronic filters and the Sony 
airpllfler connected to the acoustical rings j an ambient microphone, B -t- K 
model 41-65, 1/2" placed 1 m from the ground in the center of the listening 
room and connected to a sonometer B + K type 2607, and to an acoustical index 
analyzer B -f K miodel 44-26 which permit continued visual control of the noise 
level in dB(A) and of the acoustical Indexes. 

A video camera hidden in a piece of furniture in the listening room 
makes it possible for the researcher to observe the subjects using a 
television screen placed in the control room (Fig. 9). 

D) Experimental Plan /22 

The experimental plan consists of crossing the Leg variable of the 
traffic noise (3 levels of 50, 55 and 60 dB(A) per 30 min) with the number of 

H.V. variable (4 frequencies 3, 5, 15 and 30 H.V. per 30 min); of these 12 

situations, only 10 situations were tested on the subjects (Table III). 

The background noise above which different frequencies of H.V. emerge 
takes on the average values of 46.1 + 2 dB(A) for an Leq of 50 dB(A), 53 + 1.4 
for an Leq of 55 d3(A) and 58 dB(A) + 1 for an Leq of 60 dB(A); the Leq 

(over 30 min) of the passage of a H.V. is 36 or 35 dB(A) . It should be noted 

that from a general point of view the global Leq of an acoustical situation 
is not Independent of the noise caused by passages of H.V.; yet, our experiment 
is voluntarily set in an area of values where there is practically Independence 
between the global Leq and the number of H.V. (Table IV). 
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Pig. 9. Sketch of the listening room and the control room (as seen from 
above) . 

1 — Control roomj 2 — Air conditioner; 3 — Equipment; 4 — Listening 
room; 5 — ambient microphone 


TABLE III. PLAN OF EXPERUENT I£Q x nPIV; THE BOXES 
MARKED BY A SLANTED LINE HAVE NOT BEEN TESTED 


Number of H.Y. 


■ 

3 

5 

15 

30 

^ 50 

i-eq In 





dB(A) 

(30mn) 





60 
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Thus, we have chosen the global Leq values of the traffic noise, the 
Leq value of the passage of a truck, the limits of variations of the 
frequency of passage of the K.V. such that the 2 Leq variables and the 
nui±ier of H.V. vary Independently , while always keeping to a background 
noise level which is perceptively constant for each global Leq value (the 
average of the maximum and minimum differences of the background noise is 
2.5 + 0.5 dB(A); this variation is not noticed by the subjects, as a control 
e^qjeriment showed. 

TABLE IV. AvBEAGES OP THE ACOUSTICAL LEVELS MEASURED IN THE 
LISTENING RaOi-: FOR EACH THEORETICAL EXPERII^NTAL SITUATION 


f. 


'^^umber of 
/30mn 

Leq in N. 

dB(A) 

3 

5 

15 

30 

50 

Leq = 50.7 
LOl = 58.5 
L05 •= 51.5 
LIO - 51 
L50 = 49.8 
L90 = 47.7 

\ 

Leq “ 51.7 
LOl - 65.8 
LOS = 58.3 
LIO = 51.3 
L50 = 45.5 
L90 = 44.5 

\ 


Leq “ 55.7 


Leq " 55.6 

Leq = 56.1 


LOl = 59.8 


LOl = 65.8 

LO! = 66.8 

55 

L05 - 57.3 

L05 = 57.5 

LOS =59.5 

LOS = 62.5 

LlO = 57.0 

LIO - 57 

LlO = 56.3 

LIO = 59.3 


L50 = 55.5 

L50 » 55.5 

L50 = 54 

L50 = 52.5 


L90 = 54 

■ L90 «= 54.3 

L90 = 52.5 

L90 = 51.2 


Leq = 60.7. 

Leq “ 60.5 

Leq = 59.8 

Leq = 59.9 


LOl = 64.0 

LOl » 65 

LOl = 66.5 

LOl = 67.3 

60 


LOS » 62.2 

LOS = 62.8 

LOS = 64 


LlO = 62.3 

LIO = 60.8 

LIO = 61 .8 


L50 “ 61 

L50 = 61 

L50 - 59.0 

L50 = 59 


L90 •= 59.5 

L90 » 59.2 

L90 = 57.5 

L90 = 57.7 
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E) Experimental Procedure 


/2i\ 


After they had their hearing ability verified by an audiogram, the 
subjects (averaging 4 per session) were placed in the "listening room." 

A notice was read to them and commented upon In order to explain to them 
the nature of the task they had to carry out (Pig. 10). 

Each of the 10 e^q^erlmental situations lasted 30 min with a break of 
10 min between them where the subjects could leave the room; moreover, after 
the presentation of 5 situations the subjects were permitted to take a 
break of 2 hours In order to go out to eat. During the experiments the 
subjects were free to relax or to read. 

The 10 situations were presented in a different order for each group of 
subjects (Table V). 

At the end of 30 min of traffic noise in each ejq^erlmental situation, 
the subjects had to fill out the annoyance questionnaire (Fig. 11) and turn 
it In to the researcher. 

The estimate of the annoyance and of the noise Is done by a 9-point 
scale. 

Seven questions were posed: 

- on the expressed annoyance, 

- on the ejqjressed noise, 

- on the annoyance Imagined by the subjects, as if they were in their 
own apartment, 

. during the day, 

• . during the evening, 

. at bedtime, 

-• on annoyance caused specifically by background noise, 

- on annoyance caused specifically by the passing by of trucks. 

Even though we have only a fev; Indications as to the structure of the 
scale of eijqjressed annoyance and noise, we have, in a plan which is conparable 
to almost all the studies in this area, treated our results while considering 
that the scale of annoyance was to be assimilated to an interval scale, that 
is to say that the elementary arithmetic operations (adding, subtracting, 
multiplication) and from there, statistical calculations (averaging, 
correlations, etc....) v;ere used for the annoyance notations. 
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GENERAL INSTRUCTIONS 


/25 


The experiment in v;hich you are participating has as its goal to study the 
reactions of people to various road traffic noises. 

You will be presented v;lth various periods of 30 min each of traffic noise. 

At the end of each 30 min period of traffic noise we will ask you for your 
personal judgment on the annoyance you have been exposed to. 

You will express year judgment on a graduated scale of annoyance of 1 ("not 
at 9ll annoyed") to 9 ( "e'xtrenBly annoyed"), circling the number which 
corresponds with your level of personal feeling toward this traffic noise . 

Answer naturally, v:ithout too much reflection; what counts is what you 
personally feel , it is your ovm personal judgment; there is no ripjit or 
wrong judgment . 

We ask you not to indicate your personal judgment to other people in the 
session (by words, gestures, emotions, etc...). 

During each 30 period of noise you are free to relax or even to read. 
Thank you for your valuable help in this study. 

Fig. 10. Explanation presented to the subjects. 


F) Conputerized and Statistical Treatments 


The data; 

. noise levels: Leq, LI, L5, LIO, L50, L90 
. relative emergence: E^ER = Peak noise H.V. -background noise 

background noise 

. number of H.V. 

. notatior.s of annoyances 

were entered in the memory in the form of a file (Iris 80 CII-HB computer) . 

Various statistical treatments were established; 

\ 

- calculation of the means and the standard deviations, comparison of 
the means (Student T) and of the variances (Snedecor F) on a Hewlett Packard 
9825 computer. 

- complex statistical treatments, using the BMDP computer library 
(University of California, 1979) on the Iris 80 CII-HB computer: Analysis of 
variance (P2V), Correlation matrix (PIM), Simple regressions (PIR), Multiple 
regressions (P3R? , Algorithm of choice of the best multiple regressions 
(P9R), Discriminating analysis (P7M). Finally, the segmentation test of 
Walter Fisher in "optimal" k classes was used (DEVISU: CIR Arcuell program). 
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PERSONAL ESTBIATION SHEET 

1 

1 Name : 
1 




1 

1 Day: 

Hour: 



f Sltuat. e}<p. 




This traffic noise which you will hear Is to you: 

NOT AT ALL ECTREMELY 

ANl^OYH^G I 1|2|3|4|5|6[7]8[9| ANNOYING 


NOT AT ALL EXTRENFTY 

NOISY 111 2| 31 41 5| elyjsjgl NOISY 



If you would hear 

this road traffic noise at home In your apartment. 

would It be; 



- during the day: 



NOT AT AIL 


EXTREMELY 

ANNOYING 

1 1 2 1 3 1 4 1 5 1 6 1 Y 1 8 1 9 

ANNOYING 

- during the evening. In your living room: 


NOT AT ALL 


EXTREMELY 

ANNOYII^^G 

1 1 2 1 3 1 4 1 9 1 6 1 7 1 8 1 9 

ANNOYING 



Do you think that this traffic noise represents 

- continued background noise of traffic: 

NOT AT ALL 


EXTREMELY 


ANNOYING I 2 I 3 4 5 1 6 7 | 8 | 9 ANNOYING 



3 |4 I 5 6 7 I 8 l9 



EXTREMELY 

ANNOYING 


Fig. 11. C^estlonnalre given to the subjects. 
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TABLE V. 

EQUILIBRATED ORDER OF PRESENTATION OF THE EXPERIMENTAL 
SITUATIONS (10 SITUATIONS x 20) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2 

4 

6 

. 8 

10 

1 

3 

5 

7 

9 

3 

6 

9 

1 

4 

7 

10 

2 

5 

8 

4 

8 

1 

5 

9 

2 

6 

10 

3 

7 

i 

■J 

1C 

4 

9 

3 

8 

2 

7 

1 

6 

6 

1 

7 

2 

8 

3 

9 

4 

10 

•5 

7 

3 

10 

6 

2 

9 

5 

1 

8 

4 

8 

5 

2 

10 

* 7 

4 

1 

9 

6 

3 

9 

7 

5 

3 

1 

10 

8 

6 

4 

2 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

5 

4 

3 

2 

1 

10 

9 

8 

7 

6 

10 

8 

6 

4 

2 

§ 

7 

5 

3 

1 

4 

. 1 

9 

6 

3 

8 

5 

2 

10 

7 

9 

5 

1 

8 

4 

7 

. 3 

10 

6 

2 

3 

9 

4 

10 

5 

6 

1 

7 

2 

8 

8 • 

2 

7 

1 

6 

5 

10 

4 

9 

3 

2 

6 

10 

3 

7 

4 

8 

1 

5 

9 

7 

10 

2 

5 

8 

3 

6 

9 

1 

4 

1 

3 

5 

7 

9 

2 

4 

6 

8 

10 

6 

7 

8 

9 

10 

1 

2 

3 

4 

5 


21 



rv. Results 


/29 


First, we will analyze the results of the annoyance levels obtained as 
a function of the experimental situations. 

Secondly, we will investi^te this analysis deeply by statistical 
studies which have closely examined relationships of the expressed 
annoyance with the acoustical Indexes and the number of H.V. 

A) Global Analysis of the Annoyance and of the Expressed Noise. 

1. The Psychological Annoyance 

- For each ejqjerlmental situation, defined by an Leq level and a 
number of passages of H.V. , the histograms show a frequency distribution of 
the annoyance notations which "approximate" a normal law (Fig. 12). 

- The variance analysis (Table VI) shows that the Leq level and the 
number of H.V. are 2 variables each of which has a statistically significant 
effect (p<0,02) on the expressed annoyance; the interaction of these 2 
variables, on the contrary, does not show a significant effect (p>0.05). 


TABLE Vr. SUMMARY OF IHE VARIANCE ANALYSIS 
SHOWING THE INFLUENCE OF THE VARIABLES LEQ 
H.V. AND lEQ X H.V. INIERACTION. 


hKALYSIC of variance for 1-st 






HEPEKDEliT VARIABLE - GEliE 






SOURCE 

SUH OF 

IiEGREES OF 

HEAR 

F 

TAIL 


SQUARES 

FREEIi'JH 

SQUARE 


PROFiAPILITV 

HEAR 

1640.85398 

1 

1640.85398 

536.21 

.0000 

LEG 

82.98027 

2 

41 .49014 

13.56 

.ocoo 

PL 

45.23392 

3 

15.07797 

4 .93 

.0021 

LEQXfL 

1 1 .60317 

6 

1 . 93386 

. 6o 

.7048 

I ERROR 

2325.68831 

760 

3.06012 




To be more exact, if we analyze the development of the annoyance 
(average notations. Pig. 13) as a function of the number of H.V. and of the 
Leq, we see that: 

- for a Leq of 50 dB(A) the annoyance increases in a significant 
fashion from 3 to 15 H.V. (paired Student t-test, p<0.05), 

- for an Leq of 55 dB(A) , the annoyance Increases linearly from 3 to 
30 H.V. (p<0.05). 
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Fig. 12. Histogram of the frequencies of annoyance notations as a function of each experlnental 
situation. 


1 — Effects; 2 — Annoyance notation 







- for an Leq of 60 dB(A). the annoyance Increases In a significant way 
from 3 to 5 H.V. (p<0.0o), then to stabilize at fhom 5 to 30 H.V. (N.S., 
p>0.05) . 

We have arbitrarily regrouped the annoyance notations In 3 classes 
In order to facilitate our later analysis: 

- one class termed v;eak annoyance conprlslng the notations 1, 2, 3, 

- one class termed madlum annoyance corrprlslng the notations 4, 5, 6, 

- one class termed strong annoyance conprlslng the notations 7, 8, 9* 

VJe have been able to verify that this division corresponded well 
enou^ v;lth the "exact optimal" division In k classes (Table VII) determined 
by the Walter Fisher algorithm (1958). 


TABLE VII. SEGMENTATION IN OPTIMAL K CLASSES ACCORDINGLY 

TO WALIER FISHER. 

Note: maximum of classes = 3. 


division of 9 observations In 3 classes 


class 

3 division 
number of obs. 

sum of 
mean 

cars = 379.20 

stand. deviation boundaries 

highest val. lowest val 

3 

309.000 

6.773 

.844 

'9 6 

9.000 

6.000 

2 

271.000 

4.480 

.500 

5 4 

5.000 

4.000 

1 

190.000 

2.521 

.694 

3 1 

3.000 

1.000 


For each annoyance class, Fig. l4 (a, b, c) shows the development of the 
percentage of annoyed people In each experimental situation. We note that: 

- for an Leq of 5Q dB(A), the percentage of sll^tly annoyed people 
decreases from 3 to 15 H.V. while the percentage of moderately and very 
annoyed people Increases In parallel. 

- for an Leq of 55 dB(A) , the percentage of sll^tly annoyed people 
stays constant from 3 to 5 H.V. , then decreases strongly from 5 to 15 H.V. , 
and weakly from 15 to 30 H.V. 


, the percentage of very annoyed people 
Increases linearly from 3 to 30 H.V. 

- for an Leq of 60 dB(A) , the percentage of sll^tly annoyed people Is /32 
stable from 3 to 5 H.V. , then decreases llneafly from 5 to 30 H.V. 

, the percentage of moderately annoyed people 
decreases from 3 to 5 H.V. , then Increases from 5 to 15 H.V. to stabilize at 
between 15 and 30 H.V. 


, the percentage of very annoyed people Increases 
from 3 to 5 H.V. , stabilizes at from 5 to 15 H.V. , and Increases slightly 
from 15 to 30 H.V. 
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Summarizing, there appeared a clear tendency which shows that 

- for an Leq of 50 dB(A) and an Increase from 3 to 15 H.V. , the 
percentage of slightly annoyed people decreases in favor of the percentage 
of the moderately and very annoyed people, 

- for an Leq of 55 and 60 dB(A) and an Increase from 3 to 30 H.V. , the per- 
centage of slightly and moderately annoyed people (to a lesser degree) 
decreases, resulting in an Increase in the percentage of very annoyed 

people . 

We also note r'nat, if the percentages of slightly annoyed people vary 
between % and 50/5 and the percentages of very annoyed people between 85 and 
355, in contrast the percentage of moderately annoyed people is much higher 
and varies between ^3 and 605. 

2 . Noise 


The mean noise levels, as a function of the number of H.V. and of the 
Leq level, are similar to the levels and to the development of the 
psychological annoyance (Fig. 13). For each of the experimental situations 
the paired Student tests show that the deviations between the notations of 
annoyance and the notations of noise are not statistically significant 
(p>0.05). 

Fig. l4(d, e, f) shows that when we reduce the noise scale to 3 classes, 
the percentage of judgments "slightly noisy," "moderately noisy," "very 
noisy" develop globally in an identical fashion, respectively. Into the 
judgments: "slightly annoyed," "moderately annoyed," and "very annoyed." 

3. Imagined Annoyance in the Person’s Apartment 

a) Imagined annoyance during the day (Fig. 15a) 

The corresponding annoyance levels and their development as a function 
of the number of H.V. and the Leq are identical to the estimated annoyance /35 
in an experimental situation (paired Student t-test., p>0.05). 

Thus, everyone thought as if the annoyance level which the subjects 
indicated in the experimental situations was referenced by the latter in the 
acoustical situation of their apartment. 

b) Annoyance imagined in the evening 

Fig. 15b shows that the development of the imagined annoyance in the 
evening runs parallel with the development of the psychological annoyance in 
the experimental siouation; the levels of imagined annoyance in the evening 
are displaced upward by a 1.3^ notation of moderate annoyance (paired 
Student t-test , p<0 . 05) . 
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Fig. 13. Development of the expressed annoyance, (a) and noise (b) as a function of the number of H.V. 
and the Leq. 

1 — annoyance notation; 2 — number of H.V./30mln; 3 — noise notation 




% de notes de 





Fig. l4. Development of the percentage of judgnents "slightly annoyed," "moderately annoyed," "very 
annoyed" and of the judgments "slightly noisy," "moderately noisy," "very noisy" as a function of the 
Leq and the number of H.V. 


1 — ^ of notations of slight annoyance (1, 2, 3); 2 — % of notations of moderate annoyance (^, 5, 6); 

3 — ^ of notations of strong annoyance (7, 8, 9); H ^ of notations of slight noise (1, 2, 3); 

5 ~ ^ of notations of moderate noise (4, 5, 6); 6 — ^ of notations of strong npise - (7, 8, 9) 
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c) Imagined annoyance at bedtime 


Fig. 15c shows that the development of the Inagined annoyance at 
bedtime runs parallel v;ith the development of the Imagined annoyance during 
the day and in the evening; yet, the levels of Imagined annoyance at 
bedtime are displaced upward by a 2.19 notation of moderate annoyance for 
the annoyance notation in an experimental situation (paired Student t-test, 
p<0.05) . 

4. The annoyance due to the level of background noise and the number of 
passages of H.V. 


Let us remember that the questionnaire also contained 2 other types 
of evaluations: the annoyance which the subjects estimated was specifically 
caused by the background noise (marked as Gbf) and the annoyance which the 
subjects estimated was specifically caused by the repeated passages of H.V. 
(marked as Gpl), for each of the 10 e^q^erlmental situations. 

Fig. l6a shov.’s the developments of Gbf and of Gpl; we will consider: 

- for Gbf, 'When the background noise increases, this annoyance increases 

, v;hen the number of H.V. increases, this annoyance increases 
globally as well. 

In other words, it would seem that the estimation of the annoyance due 
to background noise is not independent of the number of H.V. , 

- for Gpl, v;hen the number of H.V. increases, this annoyance increases 
as well 


, v;hen the background noise increases, this annoyance is not 
affected (Fig. l6b); for each frequency of H.V. , the Gpl notations are not /37 

significantly distinct as a function of the Leq level (paired Student t-test, 
p>0.05) . 

Thus, the estimation of the annoyance as a result of the H.V. is here 
well ascribed by the subjects to the frequency of passage of the H.V. and 
it is not affected by the level of the background noise. 

B) Statistical Analysis of the Relationship Psychological Annoyance- 
Acoustical Indexes and Number of H.V. 


First, it is in order to study the intensity of the interrelationships 
of various acoustical indexes (Leq, LI to L90, EMER) and of frequencies of 
H.V. (nHV and Log. nKV; the percentage of H.V. in the traffic has not been 
taken as an index since it was possible to calculate this; in fact, our 
background noise shov;ed a very stable and continuous level where no single 
vehicle was identified in the traffic annoyance, and secondly, it is in oixier 
to study the index or the association of indexes (particularly with the Leq) 
which allow the best prediction of annoyance. 
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Fig. 15. Development of the imagined annoyance in the apartment as a function of Leq level 
and number of H.V. 


1 — Daytime annoyance; 2 — evening annoyance; 3 — annoyance at bedtime; — H.V./30 min. 



Let us distinguish two aspects to take Into account the expressed 
annoyance : 

- either we relate each level of an acoustical Index considered to the 
Individual notations of corresponding annoyance; vje speak, then, of the 
individual annoyance (narked as I. A.) since we take into account the 
dispersion of the individual notations of annoyance for a given acoustical 
level, 

- or we relate each level of the acoustical index considered to the 
mean of the corresponding individual notations of annoyance; we speak, then, 
of the mean annoyance (marked as M.A. ), since we have eliminated the 
dispersion of the individual notations in order to take into account the 
mean of those notations for a given acoustical level. 

In our calculations we have taken these two types of annoyance into 
consideration . 

1 . Analysis of the correlation matrix /39 


(Bravals-»Pearson r) of the 2 types of annoyance with the various 
Indexes (acoustical and frequency of H.V. ) shows that the acoustical Index 
L5 gives the strongest Interrelationship with the mean annoyance (M.A.) 
and the Individual annoyance (I.A.), followed by a second group of indexes: 
Leq, LI, LIO and ET’ER; the Indexes nHV and Log nHV give the weakest 
Interrelationship v;lth the annoyance (Tables VIII and IX). 

2. A discrimination analysis has been made, step by step, in order to /4l 
study the index v;hich best discriminates the groups of notations of 
individual annoyance from 1 to 9 (the moderate annoyance cannot be tested 
since it did not include enough data) . 

Program BICiP-TI'I chooses (step by step) the variables used in the 
treatment of the linear classification functions. A step forward/retum 
selection is possible; at each stage or step, the variable which allows the 
greatest separation of the groups is entered (or the variable which allows 
the least separation is withdrawn) for a discriminating function. 

The results (Table X) show that index L5 is the one which allows the 
best discrimination. Thus, the results between the Discriminating Analysis 
and Correlation Arialysls are entirely in agreement. 

3. Multiple regressions : the second part of this statistical analysis 
consisted of stud^/ing an inprovement of the predictive value for annoyance 
of the Leq index by adding another variable such as the frequency of the 
H.V. (nHV and Log nHV). For this purpose, multiple linear regressions of 
the general form: Z = constant + aX + 3X were calculated (where Z is a 
dependent variable , X, Y are independent variables , a and B are coefficients ) . 

The results show that 

- an index composed of the general form Leq a + nHVB + cte has a 
predictive value vinich is slightly hi^er than the Leq index or nHV or 
Log nHV taken alone. 
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Note de gene due 

I au bruit de fond 1 



3 5 15 30 Nombre de P.L. 2 

Fig. l6. Development of the estimated annoyance due 
as a function of the number of H.V. and Leq. 

1 — annoyance due to background noise; 2 — number i 



Note de gene due 

I au bruit do P.L. 3 



35 15 30 Nombre do P.L. 2 

background noise and to the number of H.V. 


H.V. ; 3 — annoyance due to H.V. noise 



TABLE VIII. CORRELATIONS EETVJEEN THE ANNOYANCE AND THE 
INDEXES (THE LIMITS OF CONFIDENCE OP THE CORxRELATION 
COEFFICIENTS ARE INDICATED BY: 

XXX for p<0.001 
XX for p<0.01 
X for p<0.5) 


■'--Annoyance 

Indexes''^'^^. 

I. A. . 

• M.A. . 

Leq 

0.274^’^ 

0.842’'’' 

LI 

q. 27 jXxx 

0.835’“ 

L5 

0.313’'^'^ 

0.964’'’'’' 

LIO 

0.278’'”' 

0.856’“ 

L50 

0 . 210 ’'’'’' 

0.644’' 

L90 

0 . 214 ’'’' 

0.657’' 

EMER 

0.274’'’“ 

0.838''’' 

nP.L. 

0.184’“’' 

0 . 575 ’' 

log nP.L. 

0.187’'’'’' 

0.580’' 


- there are no statistically significant differences (p>0.05) 
between the index in the form Leq a + nHVB + cte and 

the index in the form Leq a + log. nHVB + cte. 

- we note Interrelationships of various intensities (R, multiple 
correlation coefficient) of the Indexes which are conposed with the 
annoyance, according to the fact that we consider the moderate annoyance 
(M.A.) and the individual annoyance (I.A.); the same goes for the coefficient 
of determination r 2 which expresses the variance percentage explained by the 
right multiple regression (for I. A., 10^ of the variance is explained, for 
M.A., 95/i of the variance is explained). 

Let us note that the coefficients of correlation given in Table VIII /43 
and Table IX sufficiently resemble v;hat the psychosociological tests furnished 
on the annoyance in connection with the Leq level of daytime traffic noises: 
for I. A., M = 0.31 Vallet [11], 

r = 0.29 Langdon [2], r = 0.32 Aubree et al. [12]j for M.A. 
r = 0.88 Langdon [2], r = 0.?6 Yeowart et al. [4], r = 0.96 Lambert [13] 

To finish this study, we have researched the best coirposite index in 
relation to the annoyance. The BMDP-P9R program ("All possible Subsets 
Regression") has allowed estimation of the best regression equations as a 
function of criteria such as: 
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TABLE IX. CORRELATION MATRIX: ACOUSTICAL INDEXES- 
NUMBER OP H.V. - ANNOYANCE 


':03-“LMT0\'S 


/I A TR ice. ..!> es.coRR.eL atJ of/s 




LOGNPL 


EMER 

^11 


GI 


1 .non 



i / " . ' 







LEQ 

. 3 . 

.?7'4 

. 1.300 

... .. - .... 



^ 

.... - . _ 

. . 

.... . . 



MPL 

ii 

.IP'4 

.135 

1.000 




■ \ 




LI 

.... 5 . 

.?7l 


.750. 

....^^i.oon—r. — 

• 


. 

.... ... . 

. 

, 

L5 

ft 

.313 

■ ■ .“.38- 

■ .517. 

»= ;rA'..8?3 4i4.-5i 1 

.000 

.r.. ■ . • ■ : 





LIO • 

.7 

.?7B 

. - . .977. 

.217. 

,4ftft— 

.BftO. 

1.000 - 

.. ... 




. . 

U50 

R 

.710 

.943 

-.111 

.153 i- 

.521 

.912 

• 1.000 




L90 

q 

.?1'4 

- .980- 

- -.073 

,lft9 

.643 

.929... 

.996 --- 

•1.000 



LOGMPL 

in 

.l«7 

.107 

- • .957 

• • . ,R33i : 

.515 

.152 

-.166 ... 

-.139 

1.000 


EMER 

11 

.?74 •• 

.990 

..r .120 

,440 

.031 

.953-- 

r- .928 

.929 

.095 

- 1.000 


-»► 1 

.325 

.342 

.575 

■ ^.^..835 

.964 

.956 

. 644 

.657 

.580 

.838 



1.000 


U> 

Ui 



UJ 

J=r 


TABLE X 


SUMMARY OP THE DISCRIMINATING ANALYSIS 


variable f to 

“ORCF 

TOLERAMCE 


variable 

F TO force TOLERAHCF 

remove 

LEVEL 

■ * ■ 



ENTER level 

nr= B 

762 



DF = 

R 761 




... 

“ •• •• — 

<» * 

.. .. ... 

R.32P • 1 

1.000000 





M ' 

■ ■ Ct M^>L 

1.669 1 

1.000000 



•• * • 



- “ ‘**** *r-r* — 

* 


8;l?7 -- 1 

-■ 1.000000 





VI 

• eks 1 

11.113 1 

1 .000000 



. 




•• *•- 7 Lin 

R.65A 1 

■ 1 .000000 





» 

R L50 

A. 919 1 

1 .monno 

... 


* “'■* • * • - 



•• o lRR ' ■ ■ 

• s. 160 • r 

1.000000 





*> 

10 LDORPL 

3.RAR 1 

1 .000000 





-> 

II FMER ■ 

R.21A 1- 

■ 1 .000000 


STEP MUMBEP i 



• - 



V 

- 

■ — . 

variable fmteREO >6 

L5 







variable f to 

'■ORCE 

tolerance ■ 


• VARIABLF 

F TO • FORCE • TOLERANCE 

DEMOVE 

LEVEL" 





ENTER LEVEL “ 

nr= B 

761 



0F = 

B 760 


6 L*^ 11.113 

1 • 

r.cooooo 

•H’ 

3 i.Fo •• ■■ ■ 

.5S6-- 1 

.1R190T 






6 NPL 

.391 1 

■ .7S7S6P 



- 

• • * *•: 

* fi’ 

B LI • • 

■ .771 1 

.3A70S1 




* " 

n 

7 Llf' 

.A A3 1 

.2''329P 



... ... . 



R LSn 

■ .A9R 1 

.6A2S6P 




~ 


o lro 

.517 1 

.615A10 





« 

10 LOr.MPL 

■■ .60S 1 

.799070 





•» 

11 EMPP 

.712 1 

.3"»A077 

U-STtTISTIC OR WILKS 

LAIMOOA 

.BRS3R6B 


DEGREES OF freedom 

1 B 

761 

APPROXIMATE F-STATISTIC 


11.113 


" DEGREES OF FREEDOM 

p.on 

761.00 


UPLE 


VARIABLE 

EVJTEPED REMOVUn 

ft ftsl 


F VALUE TO MUMBFR 0^ 

EMTFP OR REMOVE VARIABLES TNCLUOED 
11.1127 1 


U-STATTSTIC 


APPROXIMATE DEGREES OF 
f-statistic freedom 
11.113 B.OO 761.00 


B9SA 



TABLE XT. SUf^if^/iRY OF THE MULTIPLE LINEAR REGRESSIONS 
(WITH THE MULIIPLE CORRELATION COEFFICIENTS R AND THEIR 
COEFFICIENT OF DETERMINATION r2) OF THE ANNOYANCE AS A 
FUNCTION OF THE I£Q AND THE FREQUENCY OF H.V. 


Multiple regressions 

R 

MulCiple 

R^ 

I. A.. «= -2.36 + 0.12 Leq + 0.027 P.L. 

0.31 

0.097 

KA. " -2.37 + 0.12 Leq + 0.027 P.L. 

0.96 

0.92 

I. A. „ _2,86 + 0.12 Leq + 0.75 Log nP.L. 

0.31 

0.097 

i'l.A. = -2.82 + 0.12 Leq + 0.76 Log nP.L. 

0.97 

0.95 


- the Cp of Mallow 

- the R2 

- the acyusted r2 

for indexes 1 to 9 (acoustical and number of H.V. )• 

It appeared that: A8 

- there is no agreement between the individual annoyance and the 
moderate annoyance in the conposite indexes which give the best multiple 
regression. For I. A. we will retain the e::piression: LI + LIO (simpler 
than the last expression where the 8 variables are not Independent of one 
another) . 

- the Leq associated with another index is not the most predictive one. 
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TABLE XII. SUMMARY OF THE MULTIPLE REGRESSION OP TYPE LEQ + 
LOG nHV + GTE FOR THE MODERATE ANNOYANCE 


\ 

prr.-.Srssin.M tttl!: Mbdefate annoyance . . 

DF.=E'J‘)ENT VAPIAPLF 1 

T0LF5^^JCI^ .0100 . . .... -. 

ALL OATA CntiSrOERFD AS A SIMPLE GROUP 

MULTIPLE- R .97SG SVn. EPPOP OF EST.. ,1311 

'■'ULTI°L' ,PS17 

AUAL^sis OF vAPiAurr 

SU'< OF SOUARES OF . mean SOIIARF F RATIO P(TAIL) 

REf.ressiom . . . ::50.8?3 -. 130.A»1?—, . — 75'S2.A3R ,00000 - - 

residual 13.227 ... 767 ,017 L : ■ 

STD. REG ' • 

variable COEFFICIE-MT . STD. EppoR - ■ COEFF. T -• P(2 . TAIL)- TOLERANCE 

INTERCEPT -2.8272B .. . .. 

'-'^0 3 .12570 .001 .709 .98.844. L.OOO .98n42-» 

-0''-NRL 10 .76200 .012 - .496 ■ 62.115 - - r- .000 .988422 



TABLE XIII. SUMMARY OP THE ^^ULTIPLE REGRESSION OF TYPE LEQ + LOG nHV + GTE 

FOR THE INDIVIDUAL ANNOYANCE 


pr'-,9r«;s7nM TiTi'T Individual annoyance 

OF^FNns-MT ? lA 


TnLF3ftMr>^ .... 
ALL TATfl CONSIDEOFD 

AS A SIVSLF OROIJd 

• • « « 

. . . .nior 



.3170 

STO. 

FRROR OF SST, 

1.7462 

'^ULTT°'_~ R-«:OUaRr 

.loos 




AMALYSTS of v/APIAMCr 

SUM 0>^ SOUARFS 

OF 

'^EAU SQUARE 

F ratio 

. Ri^r,'5=-c;5jnv 

. 261..? AS 

2 

130.624 

42.83Q 

RF stomal 

2S3B.74P. . 

767 

3.049 





STO. Prr, 


VARIABLE CO 

FFFICIFv-T STI). 

FOWf)P 

COEFF 

T P(2 TAIL) 

T\iTFBCE^T ' 

-2.S61 A.? 




lf'o ? 

.126BS 

.017 

.257 

7.47? .000 

LO-’'PL 1 'I 

.75401 

.161 

.150 

4.62R .000 


P(T&IL) 

.00000 


TOLFRAMCE 


,QqP4?-^ 

.RPIPA?;? 



TABLE XIV, 


. SUMMARY OP THE MULTIPLE REGRESSION OF TYPE LEQ + nHV + CTE 
FOR THE MODERATE ANNOYANCE 


PESS^SSinN TITLC. 

OE3EMOENT VARIABLE.- . . L''. . ■ V 

TOLE^ANCr 

ALL DATA CONSIDERED AS A SINGLE GROUP 



IVbderate Annoyai-ice • • 


. mulTIPL" R . .9517 . . ■ STO. ERROR OF 'eST. ^-.v ’L JI-. i-, 1633 

. multiple R-SOIJAR-: - ..92A9 -- . .. 


ANALYSIS OF VARIANCE - - - 

SUM OF SQUARES 

- RFGR.ESSIOM -.r. . : P53.A76 

residual 20.57A 


OF-- 

MEAN SQUARE- 

.. F RATIO 

■ PITAIL) 

2 -X 

rr. - 126.738 

-,. 6724.820 ■ 

-^.00000 

767 

.027.. 

...■ 21 ■ ' . • 



; . 5T0. REG : L 

VARIABLE-- -COEFFICIENT. .STD. ERROR .. COEFF T.-_ P(2 -TAIL) - TOLERANCE - 

intercept .. -2.376S1 v=:r- - 

LED 3 .12A07. ■ :A. . .,00? ■ .778 77.958 . 000 ^ ■ .9B16A5 

.. NDL ^ 02778. .oof 1 .A69 ,.>6.97.3. 000.- . -.9816^5 



TABLE XV, 


SUMMARY OP THE MULTIPLE REGRESSION OP TYPE LEQ 
+ nHV + GTE POR THE INDIVIDUAL ANNOYANCE 


=>- '5‘^TOM TTTL".' . .. . '.PI L ■ 

■)P=r'i'iE'4r ...... ._. . Individual’ Annoyance 

tole;-?" . L,- ;.oias: ;^.'. ; 

/'LL DATA COMSIOE-'5EO AS A S i:.'GLE_ RROUPj _ 

.3121 ‘ ' ■■■ STO.‘ EPPOR OP FST. ‘ " ' T.7A7G 

■^OLn°l." R-SOiJAR" .V 9 7A' ; ;rr :■ 


■U.JALVSIS OP VAPIfl'-rr - 7; • ■ ^ ....... ........ .. 

■ S'JM OP SniJARES ■" OF ■■'■'MF/'N SmiAP' P patio ■ P(T4I|.) 

R-GRFSSIO'j:'."^^V^, ;■ 2S3.A09 ‘ 1 ES. 70A J;. 'A1.A97 .00000 

restovial . . . .. ' Z.2^±IZ^.J ^11 ... _ ... 

__ ^^’’STO’. ^ ^ ^ ■ 

V 4 RI 43 LP COEFFICIEA'T Jv STO. ‘pRRORlXl'^T/XOEPFXlcVOr^'I^ 


INTFPCiPT 
Lra 3 

nPL "•>. 


.12332 ■■■ ■ .017 _L?S3 "'” 7.12a_ .nod ^982411 

• ■ ■ .OaTG?;!; n- UL0S6'!nSlCi>;: . 152 ";- vlA,397.1i:;:yi.0bd 



Tables XVI to XIX summarize the results. 


A8 


TABLE XVI. SUMMARY OP THE BEST REGRESSIONS- 
ANNOYANCE-INDEXES-(THE APFECTED COEFFICIENTS 
FOR EACH VARIABLE HAVE BEEN OIIETTED IN ORDER 
TO SIMPLIFY THE PRESENTATION) . 


^\,^^Amoyance 

Choice of 
the hetter\^ 
ihdh‘x" 

I. A.- 

N.A. 

for I variable 

L5 

L5 

for ^ variables 

LI + EMER 

LI + LIO 

After analysis- 
of the 9 variables 

LI + EMER 

LI+L5+L10+L50+L90 

+EMER+nPL+LognPL 
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TABLE XVI. BETTER REGRESSIONS WITH ONE VARIABLE FOR THE INDIVIDUAL 

ANl\IOYANCE AND THE ^DI:ERATE ANNOYANCE. 


rOO SU'^SFT SFlF^TFO 4Y YOlJO TRITEOloM. THE P-SOUftPEO. 

ADMISTET P-S0UAP"D. mALL'^WS* CP. AMD THE VAOJAPIE MAMcq a»E 
aspiTET. THr PE''-°"SSn'l COEPE I C I Ff'T«? A-'IO T-STATISTICS A«E 
sajMTrT TO THE PIO'^T OF THE VAOIAPLC NAMfS. 


- 

viamy 'UHEo S'JP'IF'^S may also reported 

1CC0VOAMIE0 PY P-'-.=>ESSIO\' COPFFICIEMTS i 
^O’-E 0~ these SUSSpts may he QUITE Gonn 
MOT VECESSAOILY SETTER THA'J AMY SUBSET i 
3Ri;JTET, 







P-SOUARED 

AOJ.I.STFO 

R-SOJA9ED 

CP 



,D9Sn95 

.0969-'0 

.OB 

L5 - - 


.C77?03 

.076001 

17.83 

LIO 


.075325 

.07A121 

19.42 

LEO 

1 

.075023 

.C73R19 

19.63 

EHEP 


.073370 

.072164 

21. ca 

LI 


. DA591A 

.04467? 

44.41 

L90 ■“ 

I 

I 

.044’70 

.043025 

45.80 

L50 

1 

1 ■ 

.03AP99 

.033743 

53.68 

logmpl 


.033935 

.032577 

54 ,58 

NPL 


R-S3UA9ED 

ADJUSTED 

R-50;JAPE3 

... CP - 

__ 


.9?9MS - 

.9?9o26 

24462.90 

L5 


.733130 

.732332 

94377,24. 

LIO,--^^.- 

! 

1 

.703735 

.703406 

103521.51 


( 

1 ^ 

.703007 

.702620 

105592.75 

EMrD_._ 


.597362 ■ 

.696963 

107716.31 

LI 


.^31553 

• .430522 

203101.01 

.L90.- ~ 



.4J4"32 

203936.42 

L50 .. 


.333963 

.336100 

236923.22 

LOSMPl- 


. 330A31 

.3292-9 

2-39369.97 

N9L - . 


«SETS WITH 1 VARIAPLES 

.. ■ Individual 'Amoyance 


-»e<f C. 


lioderate 'Annoyance 
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TABLE XVII. BETTER REGRESSIONS WITH 2 VARIABLES FOR THE INDIVIDUAL 

ANNOYANCE AND THE FDDERATE ANNOYANCE. 

su^^SETs — 2 variables' 


- - -- adjusted " 
Q-SDJARED' P-SO japed -“-- 




- - --- -Individual Ajmoyance— . 


-.103051' 


1 007?P -—^"-2. IN- 


VARIABLE 

“5 LI 

ir EMER---“ 

" intercept 


-COEFFICIENT' -T-STATISTIC- "-r---nr 

. 11522P ' — 'N.PO 


;'102 = 5N 


7102732' 


.100525 


-2.05 


variable coefficient - -t-ftatistic 

3 'L'^O----~---'rT----^^===^^.0QN 1 • -B.03 — 

5 LI .115673 A.B6 

intercept-"— 


■-7.7fnfll 


;i00A13~^ -1787 


VARIABLE-- 
5 LI 


L10-“ 


INTERCEPT 


COEFFIcIE''T""T-STATISTIC— 

.1 12600 “-'- A.67 ' ^-=— 

.T:~. 0985A67''--.--- ~-_5.01T- -i7- ^ 

- -7.A2398'' 




.102516 

.1^0276 

-I .76 

VARIABLE 

"COEF'^ICIEnT 

T-STATISTIC-'— 

— - - - 

•- -T “ — 


“S'L'l — 

-- — .1 50593 

6.96- 




9 L90 

— - .C5A7A26 

- 5.00 ----- ■ - 




IMTERCE 

dT 7 -8.205u5 

. 1 -i 

^i^.l0?501 

-—100251:—“- 

-i;7a- 

- VARIABLE 

--'COEFFICIENT 

T-STATISTIC..-. --- - : 


* " 

— ••• 

5 LI - 

'. 1523AA 

7.06 ' ' ■ - 

— - -i — 

— ^ — -rr 

••***—’ 

B LSO * - - 

- r— - - -. 062347 6 -■ 

•* — 5 » 0 0 , — 


" • - * *■ 

— • - 

intercept “-B.PBETl 

- * — — - — 

•' .101177 - 

.69BR33' 

-.53 

lognol 

EMEP ■ " — 


.100A50 

.098103 

.08 

‘leo ■ 

LOG'-'PL ' ~ ' 


.099003 

03665!. 

1.31 

L5 

LOGMPL " 

_ ;■ -lIL'.; a: 

~.'09876B - 

- .0R5A13 " 

1.51 - 

N?L 

■ L5 - - 

._i^ 7 r 

-. 093700 

.096350 " - 

1.57 

L5 

‘ EME® ~ ■■ ■■■ 

^ 


-.:r SUBSETS WITH 2 VARIABLES 


R-SOUAPEO 

ADJU5TE-D--r 
r-sojarfd.. . 

. ..i. : CP 


Moderate Annoyance - - - 

.976206 

.976144'- 

’ '7765.16 

Ll 

-■ LIO -- -- — ■ - 

.939347 

.939089 

21013.11 

L5 

LOGMPL 

.937452’ 

.937299 

21553.19 

NPL 

-- . .- ... 

.934929 

.934759 

22561.22 

Ll 

_ . . L5 

_ . 

- ^ 

_ 

. 

... - 

.934139 

.933967 

22844.30 

L5 

- EMEP 

.933479 

. 933305 ’ 

23030.99 

' LEO 

L5 

.932930 

.932755 

23277.58 

L5 

L50 


- • - 


rr ■ 

~ - _ .~z 

. 935AB5 

,9333''9 

23437.27 

L 5 

1 0 
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TABLE XVIII . BETTER PEGRESSIQI'JS AFTER ANALYSIS OP ALL THE COMPARISONS WITH 
9 VAHIABIES, FOR THE INDIVIDUAL AND MODERATE ANNOYANCE. 


tTtTiSTics POP • ^EST •• SUBSET - . - . InoLvixiual Amovance 

J4LL0‘^'5' ■ -2.14 ‘ ■ 

;0ilii=?E0 multiple CORPELATIOM- 10304 TTTT- T~ "_TT^ 'IT' - 

^ULTI'^LE: CORRELATIOM .3210T - - ----- 

•O.IUSTED SQUARED MIJLT. CORR. .10072 1" " r— ■: — j— 

JESnUAL MEAN SOUAPE 3.C-404AS — — - ' 

•, 7 ANDAR 0 error O'" ESr.-; 1 

•-STATISTIC ■ ■ 44.07 --- r -:--. 

1U%'ERAT0R OEOPEES OF FarroO-'' — ? --7 7?T7^- =^-= 'J-.- -7;77-; 

i£NO'<IV'TOP OEOREES DF EREED'^M 747 = 

u ON I F I r A N C E T — =T-_ 7 - - — — 000 0 — TTT" r~ 7 ^ ZT3- r -- 


VA'RIARLE' RFC-PES5I0N ■ — STANOAPD— STAMO . T-— 2TAIL"T'“^ TOL- ' CONTRIB' 

;0; name “COEBriCIENT ERROR COEF, ■- <;TAT. - BIG; ' EPAMCE TOR-SOi 


INTERCEPT - 3 . 5474 R "■ ■ 1.44443 - -1.90R ~ 0\6 ' ' 

-5-T.l . — .11622R -.0237169 1 B4 — "4 . 90 - 7 — . COO ~“7B04460” — TO' 

li'EMEP' 2.B3777 " " .571109 “.192 5.04 . 000 ' B06460 -.-O' 


'Hr-CONTRigUTION’TO R-SQ'JAREO Fr>R EACH VARTABLE'-IS THr'/iMOUNT T~7-r- Y—'-r:'-- 

’Y WHICH R-SHIAR'^D wiULO RE REOUCED IF THAT VARIAHLF WERE ^ ^ 

’EM0VE3 brom the REGRESSION pRUATION. -t r.— — - — -r.^- 

tatistics for 'REST* SUR5ET -7.. ^ioderate Annoy^ce 

0DARE3 MULTIPLE CORRELATION .9Q7ftR ' ‘ = -7 •' I-:- 

'VLTIPLE CORBFLATION- . 99304 — rr--r = r--— r — r 

O.IIJSTEO STJARED MULT^ CORR. .99784 r . ... 

■SPnUAL MEAN SO'JAPE - .000741 — — — r = -r 

TAN3AR0 ERROR OP EST. ' - ' .027621 :: . . L ' 7;.. 

-statistic - - -- 44791.68--^^-:= v 

UVERATOR OEGdeES OF Fprrr)QM - . -;.zL -. : -r 

ENOMIniTOR OEOREES OF- rREEDOM- ^. - 7 61-.r ^ ^ — ,. , - 

IlMIFlCANCE - - - --I--;---- ;OOOCT---'±:;L-.di~ -_--i v T" IT"— rT-.T-.r ..I 


variable 

REGRESSION- 

- stanoaro 

■ STANP>. 

t- 

2TATL 

- - - TOL- - CONTRIPI 

0. 

- NJA.ME-- 

- COEFFICIEMT; 


t^^COEF. . 

-stat.- 

SIG. 

— -.-prance r TO 

R-SOL 


■ntercept 

3.57235- 

— — .07 i'5915 

t=^5.9S6 

-66,05 

~ .000 

... — 

'T-rr: ' 

A 

MPL> 

- .*'122235 

- .000563921 

-^--.206 

21.68 

- ,000 

.010715 -■• -- 

- - .or 

5 

LI- - - .. 

-.- .113151 

-- .00226968 

-^-=^.633 

- 60.87- 

---.COO 

-.-.022134 - 

-- .0] 

4 

L5 

... . -,ftg7R444- 

• - .00261943 

-^-.616 

-17.35 

- - .000 

- -.010239-- . 

- .oc 

7 

LI 0 - - 

-r-T~-=--.1264n5r 
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V. Discussion - Conclusion 


The results of the responses to psychological annoyance as a function of 
the various experlrrental situations are as follows: 

- the expressed annoyance Is in one statistically significant aspect 
Influenced by the Leq level as well as by the frequency of passages of H.V. , 
but there is no interaction between these 2 variables. 

- the subjects do not rrake a distinction between the expressed noise 
and the e::^ressed annoyance. 

- the estlirated annoyance in an experlirantal situation is coirpared 
with the acoustical situation of their own apartment by the subjects. 

- the imagined annoyance in the person's apartment at night and just 
before going to bed follows a development parallel with the psychological 
annoyance in an experimental situation, but each time is displaced to a 
hl^er level. 

- the estimation of the annoyance due to the number of H.V. is 
specifically identified by the subjects, contrary to the estimation of the 
annoyance due to background noise, which is not Independent of the frequency 
of passage of the K.V. 

- the predictive value of the acoustical Leq index on the level of 
expressed annoyance could be Inproved considerably by using a conposite 
index (including the number of H.V. and the Leq), of the general form, 

G = Leq a + nHV0 + cte, or more precisely: 

G = 0.12 Leo + 0.027 nHV - 2.36 
G = 0.12 Leq + 0.75 Log nHV - 2.82. 

- a better conposite index of the expressed annoyance could be for 

the individual annoyance lA = aLl + BEMER + cte 
the moderate annoyance M = aLl + 3 LIO + cte. 

Yet, let us note that the predictive advantage of these 2 new Indexes 
is not significantly different lY’om the index of type G = Leq a + nHV3 + cte. 

- the graphic analysis of the development of the moderate annoyance as 
a function of the number of H.V. and the Leq level has shown that: 

. the e^piressed annoyance increases sharply from 3 to 5 H.V. and then 
more slightly from. 5 to 30 H.V. for the Leq of 50 and 55 dB(A), /53 

. the expressed annoyance Increases sharply from 3 to 5 H.V. and then 
is saturated from. 5 'co 30 H.V. for a Leq of 60 dB(A). 
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Vfe think that the "wel^t" of the influence of the number of H.V. , in 
fact, depends not on the Leq level but on the difference in level between 
the peak H.V. levels and the background noise level; more precisely, an Leq 
of 50 dB(A) represents a moderate difference of 2^ ^(A), an Leq of 
55 dB(A) a moderate difference of I8 dB(A) , an Leq of 60 dB(A) a moderate 
difference of 12 dB(A) . 


The schematic curve of development 
Fig. 17. 

Note de gene ^ 



1 — annoyance; 2 — numher of H.V./30 


of the annoyance Is represented xn 


Fig. 17. Schematic 
development of the 
annoyance as a function of 
the Leq and of the number 
of H.V. 


2 

P.L./30 ran 
min. 


This curve of the development of the annoyance approaches the 
logarithmic relationship found by Rasmussen, but It does not seem to confirm 
the Inverted-U relationship proposed by Inlander. 

The analysis of their studies leads to the following observations: 

As In the experiment of Ry lander. It appears difficult to understand 
certain parts of one annoyance curve; the percentage of annoyance for 
3 H.V./45 min Is 50 %, with 4 H.V./45minlt climbs rou^ly to 62^, but, in 
contrast, with 6 H.V./45mlnlt descends again to 50 % > Inlander notes a 
very great diversity in the answers of the subjects about annoyance for each 
H.V. density. /54 

Moreover, he shcv:s that if the relationship annoyance-number of H.V. 
seems to draw a curve, in contrast, when we test the same with the test, 
we do not find a significant difference with a straight line. 

Finally, let us note that this Interpretation of the results would be 
more In agreement witi:i the data of the test done by Inlander [6] himself; 
starting from a studj- done in two Swedish cities, Stockholm and Vlsby, he has 
shown that the level of psychological annoyance Increased progressively from 
1 to 1200 H.V./24 h, to then stabilize at a fixed level of 1200 to 3000 H.V./ 

24 h (Pig. 18); it appeared here to be a phenomenon of saturation but not of 
redescent of the annoyance. 
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Fig. l8. Relationship between 
the annoyance and the nunher 
of H.V. for sites exposed to 
peak levels of around 
80 dB(A). 


The major criticism of the Rasmussen experiment comes from the 
relationship of the number of H.V. with the annoyance, which does not prove 
the specific effect of the number of events in any way, since the Leq level 
increases with the number of H.V. In short, to summarize these two 
experliments , we note that, if Rylander has established a relationship between 
the annoyance and the number of H.V. , we do not have any certainty whether 
this relationship is in a curve or in a stral^t line; on the other hand, if 
Rasmussen seems to have established a straight-line relationship annoyance- 
number of H.V. , nothing prevents us from thinking that there could just as 
well be a relationship annoyance-Leq level. 

Thus, the Importance of our study consists of having Isolated an 
experimental area where the variations of the Leq level and the frequency of 
H.V. are Independent of each other and in showing in these conditions that /55 
the Leq and the number of H.V. each have an effect on the psychological 
annoyance. More precisely, we hold that: 

- for peak sound level emergences of H.V. _< 12 dB(A), in relation to 
ground traffic noise (situations where the Leq = 60 dB(A)), it seems that 
the number of vehicles has only a sll^t effect on the annoyance and the Leq 
level suffices as a predictive index of the annoyance. 

- for peak sound level emergences of H.V. ^ l6 dB(A), in relation to 
background noise (situations where the Leq levels are 50 and 55 dB(A)), the 
annoyance develops proportionately to the number of H.V. and in this case a 
composite acoustical index combining the Leq level and the number of H.V. 
is a better predictor of the annoyance. 

VE. Prospects for Future Research 

Our study opens the door to a series of studies on the composite indexes 
which in certain specific situations of traffic noise could be more 
predictive of the expressed annoyance than the Leq index alone. 

To be more exact, if our results have been established for weak and 
moderate noise levels (Leq from 50 to 60 dB(A)), in order to draw more 
general conclusions it appears to be necessary to extend this experiment to 
noise levels higher than Leq 65, 70 and 75 dB(A). 
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In the case where our first results were confirmed, research on the 
better conposite Indexes, predictors of the annoyance, must be conducted for 
certain conditions of traffic noise and. In particular, for traffic at 
night (where the Leq does not seem to be an entirely satisfactory predictor) . 
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